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IRUWKHVWUXFWXUDOVDIHW\>@$PRQJRWKHUQRQGHVWUXFWLYHWHFKQLTXHVXOWUDVRQLFWHVWVDUHSDUWLFXODUO\SURPLVLQJIRU
WKHVHDSSOLFDWLRQVVLQFHWKH\DUHFDSDEOHRILQYHVWLJDWLQJZKDWKDSSHQVLQVLGHWKHPDWHULDODQGWKHQDUHQRWOLPLWHGWR
WKHGHWHFWLRQRIVXUIDFHSKHQRPHQD
8VXDOO\XOWUDVRQLFWHVWVDUHHPSOR\HGDVDTXDOLWDWLYHPHWKRGIRUWKHLGHQWLILFDWLRQRIGHIHFWVLQFRPSRQHQWVEXW
IURPVHYHUDOGHFDGHVWKHUHVHDUFKHUVDUHGHYHORSLQJVXLWDEOHH[SHULPHQWDOXOWUDVRQLFDSSURDFKHVYHU\HIIHFWLYHIRUD
UDQJHRITXDQWLWDWLYHHYDOXDWLRQV
,QSDUWLFXODUXOWUDVRQLFPHWKRGVKDYHEHHQGHYHORSHGIRUWKHVWXG\RIWKHGDPDJHLQVROLGPDWHULDOVWKHHYDOXDWLRQ
RI PLFURVWUXFWXUDO FKDQJHV LQ SODVWLFDOO\ GHIRUPHG VROLGV WKH FKDUDFWHUL]DWLRQ RI WKH \LHOG VXUIDFH WKH VWXG\ RI
LQVWDELOLWLHV GXH WR WKHPLFURVOLS EDQGV HWF7KHVH FRPSOH[ H[SHULPHQWDO WHFKQLTXHV DUH EDVHGRQ WKH QRQOLQHDU
XOWUDVRQLFLHRQWKHDQDO\VLVRIWKHVHFRQGDQGKLJKHUKDUPRQLFVRIWKHIXQGDPHQWDOIUHTXHQF\RIXOWUDVRQLFZDYHV
JHQHUDWHGLQDQRQOLQHDUPDWHULDO7KHDPSOLWXGHRIWKHVHKDUPRQLFVDOORZIRUHYDOXDWLQJWKHGDPDJHLQPDWHULDOE\
QRQOLQHDULW\SDUDPHWHUV>@
0RUHRYHUDFRXVWLFPHWKRGVEDVHGRQWKHVWXG\RIWKHVRFDOOHGDFRXVWRHODVWLFHIIHFWDUHFDSDEOHRIGHWHUPLQLQJ
DSSOLHGRUUHVLGXDOVWUHVVLQWKHPDWHULDOVE\PHDVXULQJWKHYDULDWLRQRIWKHYHORFLW\RIXOWUDVRQLFZDYHV>@
,QSDUWLFXODUDFRXVWRHODVWLFWHFKQLTXHVDUHRIWHQEDVHGRQWKHH[SHULPHQWDOVWXG\RIWKHDSSDUHQWDQLVRWURS\LQGXFHG
E\WKHLQLWLDOVWUHVV>@VKDULQJFRPPRQSRLQWVWRVRPHXOWUDVRQLFDSSURDFKHVIRUWKHH[SHULPHQWDOFKDUDFWHUL]DWLRQ
RIWKHPHFKDQLFDOUHVSRQVHRIDQLVRWURSLFPDWHULDOV,QWKHSDVWWKHPDLQOLPLWDWLRQRIWKHVHDSSURDFKHVZDVUHODWHGWR
WKHXVHRIFRQWDFWWHVWLQJPHWKRGWKXVDJUHDWLPSURYHPHQWRIWKHH[SHULPHQWDOFDSDELOLW\DULVHVIURPWKHLQWURGXFWLRQ
RILPPHUVLRQWHVWLQJWHFKQLTXHV>@
,Q WKLVZRUNZHSUHVHQW DQHZDSSURDFK IRU VWXG\LQJ WKH IDWLJXHGDPDJHRIPDWHULDOVEDVHGRQ WKHXVHRI DQ
LQQRYDWLYHJRQLRPHWULFXOWUDVRQLF LPPHUVLRQ WHFKQLTXH,QSDUWLFXODUZHVKRZWKDW WKHIDWLJXHGDPDJHDIIHFWV WKH
DFRXVWLFUHVSRQVHRIWKHPDWHULDOE\LQGXFLQJDYDULDWLRQRIWKHYHORFLWLHVRISURSDJDWLQJXOWUDVRQLFZDYHV0RUHRYHU
WKHHPSOR\RIDJRQLRPHWULFH[SHULPHQWDOVHWXSDOORZVIRUUHODWLQJWKHIDWLJXHGDPDJHWRWKHYDULDWLRQRIWKHDFRXVWLF
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3URSDJDWLRQRIXOWUDVRQLFZDYHVLQHODVWLFERGLHV
7KHSURSDJDWLRQRIWKHXOWUDVRQLFZDYHVLQYROYHGLQXOWUDVRQLFQRQGHVWUXFWLYHWHVWVDUHXVXDOO\VWXGLHGDVVPDOO
SHUWXUEDWLRQV RI DQ LQLWLDO VWDWH RI D ERG\ >@ ,Q WKLV YHLQ WKH DQDO\VLV FDQ EH SHUIRUPHG E\ DVVXPLQJ WKH
K\SRWKHVLVWKDWWKHXOWUDVRQLFZDYHVDUHVPDOOVXSHULPSRVHGHODVWLFGHIRUPDWLRQVRIWKHERG\ZLWKLQWKHOLQHDUWKHRU\
RIWKHHODVWRG\QDPLFV7KHQLQDEVHQFHRIERG\IRUFHVWKHZDYHSURSDJDWLRQLVJRYHUQHGE\WKHHTXDWLRQRIPRWLRQ
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DDQGQDUHSHUSHQGLFXODU
7KHSODQHHODVWLFZDYH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ZKHUH  ī Q LVWKHVHFRQGRUGHU&KULVWRIIHOWHQVRUIRUWKHGLUHFWLRQQGHILQHGE\
  > @W   ī Q Q Q^      
)L[HGDGLUHFWLRQRISURSDJDWLRQQWKH&KULVWRIIHOWHQVRU  ī Q LVLQGHSHQGHQWRIWKHGHQVLW\DQGLVWKHQDVVRFLDWHG
RQO\WRWKHHODVWLFSURSHUWLHVRIWKHERG\WKURXJKWKHHODVWLFLW\WHQVRU^ Ǥ%\IRUDJLYHQGLUHFWLRQRISURSDJDWLRQ
QLI^ LVV\PPHWULFWKHQWKHWHQVRU  ī Q LVV\PPHWULFPRUHRYHULI^ LVVWURQJO\HOOLSWLFWKHQ  ī Q LVSRVLWLYH
GHILQLWH7KXVXQGHUWKHPLOGDQGFRPPRQO\DGRSWHGK\SRWKHVHVRI^ V\PPHWULFDQGVWURQJO\HOOLSWLFWKHVSHFWUDO
SUREOHPDGPLWVDWOHDVWWKUHHSRVLWLYHDQGUHDOHLJHQYDOXHVDQGKHQFHIRUHYHU\GLUHFWLRQRISURSDJDWLRQQWKHUH
H[LVWDWWKHSRLQW[DWOHDVWWKUHHRUWKRJRQDOGLUHFWLRQVRIPRWLRQDZLWKUHDODVVRFLDWHGYHORFLWLHVRISURSDJDWLRQYIRU
WUDYHOLQJSODQHSURJUHVVLYHZDYHV
(TXDWLRQV  FOHDUO\ VKRZ WKDW WKHPDWHULDO V\PPHWULHVRI WKHHODVWLF UHVSRQVHDIIHFW WKHSURSHUWLHVRI WKH
SURSDJDWLQJZDYHVDQGLQSDUWLFXODUWKDWWKHZDYHYHORFLWLHVYDUHUHODWHGWRWKHHODVWLFPRGXOLLHWKHFRPSRQHQWV
RIHODVWLFWHQVRU^ 
7KH)HGHURY6WLSSHVWKHRUHP>@IXUWKHUVKRZVWKDWLIWKHHODVWLFLW\WHQVRU^ LVV\PPHWULFDQGVWURQJO\HOOLSWLF
WKHQDWDSRLQW[WKHUHH[LVWORQJLWXGLQDODQGWUDQVYHUVHHODVWLFSURJUHVVLYHZDYHV
1RZDVVXPHWKDWHLVDQD[LVRIV\PPHWU\RIWKHPDWHULDOUHVSRQVHLIWKHGLUHFWLRQRISURSDJDWLRQQFRLQFLGHV
ZLWK WKHGLUHFWLRQH WKHQ WKHUH H[LVW D ORQJLWXGLQDO HODVWLFZDYH DQG WZR WUDQVYHUVH HODVWLFZDYHVSURSDJDWLQJ LQ
GLUHFWLRQQŁH7KHVHZDYHV DUH FDOOHG ³SXUH´ZDYHV$V D FRQVHTXHQFH LQ LVRWURSLFPDWHULDOV IRU HDFKSRVVLEOH
GLUHFWLRQRISURSDJDWLRQQWKHUHH[LVW³SXUH´ORQJLWXGLQDODQG³SXUH´WUDQVYHUVHHODVWLFZDYHV
,I WKH GLUHFWLRQ RI SURSDJDWLRQQ LV GLIIHUHQW IURP DQ D[LV RIPDWHULDO V\PPHWU\ WKHQ LW EHFDPH SRVVLEOH WKH
SURSDJDWLRQRI³QRWSXUH´ZDYHVLHQHLWKHUORQJLWXGLQDOQRUWUDQVYHUVHZDYHV7KHVHZDYHVXVXDOO\FDOOHG³TXDVL´
ORQJLWXGLQDOZDYHVRU³TXDVL´WUDQVYHUVHZDYHVGHSHQGLQJRQWKHGLUHFWLRQRIPRWLRQDDUHWKHQW\SLFDORIDQLVRWURSLF
PDWHULDOV6LQFHWKHDFRXVWLFSURSHUWLHVDERYHGHVFULEHGWKHD[LVRIPDWHULDOV\PPHWU\DUHDOVRFDOOHGWKHSULQFLSDO
DFRXVWLFD[HV,QYHUVHO\E\SORWWLQJWKHVORZQHVVVXUIDFHRIWKHPDWHULDOLHWKHSRODUGLDJUDPRIWKHVORZQHVVWKH
LQYHUVHRIWKHYHORFLW\LQIXQFWLRQRIWKHGLUHFWLRQRISURSDJDWLRQLWLVSRVVLEOHWRH[SHULPHQWDOO\GHWHUPLQLQJWKH
SULQFLSDODFRXVWLFD[HVRIPDWHULDODQGFRQVHTXHQWO\WRLGHQWLI\LQJWKHGHJUHHRIDQLVRWURS\RIWKHPDWHULDO>@
,WLVZRUWKWRQRWHWKDWDQDQLVRWURS\RIWKHDFRXVWLFUHVSRQVHPD\DOVRRFFXULIWKHPDWHULDOLVLVRWURSLFEXWWKH
LQLWLDOVWDWHRIWKHERG\LVFKDUDFWHUL]HGE\DQLQLWLDOVWUHVV 7 UHVLGXDORUDSSOLHGDQGRULILQHODVWLFSKHQRPHQD
OLNHIRUH[DPSOHSODVWLFGHIRUPDWLRQVDQGGDPDJHKDYHRFFXUUHGLQWKHSDVWKLVWRU\RIWKHERG\>@
([SHULPHQWDOVHWXS
)RUXOWUDVRQLFH[SHULPHQWVZHHPSOR\DQLQQRYDWLYHJRQLRPHWULFGHYLFHVSHFLILFDOO\GHVLJQHGDQGEXLOWDWRXU
ODERUDWRU\/DERUDWRULR³06DOYDWL´±3ROLWHFQLFRGL%DULIRUXOWUDVRQLFLPPHUVLRQWHVWVDLPHGDWWKHPHFKDQLFDO
FKDUDFWHUL]DWLRQ RI DQLVRWURSLFPDWHULDOV 7KLV JRQLRPHWULF GHYLFHZKRVH FRQFHSW UHSUHVHQWV DQ HYROXWLRQ RI WKH
H[SHULPHQWDOVHWXSGHVFULEHGLQ%DODVXEUDPDQLDP>@DOORZVIRUPHDVXULQJWKHYHORFLW\RIXOWUDVRQLFZDYHVIRU
DQ\ DQJOHRI LQFLGHQFHRI DQXOWUDVRXQGEHDPRQ WKH VDPSOH VXUIDFH ,Q WKLVZD\ LW LV SRVVLEOH WRGHWHUPLQH WKH
XOWUDVRQLFYHORFLW\RIDQ\NLQGRISRODUL]HGZDYHV³SXUH´DQG³QRWSXUH´RU³REOLTXH´ZDYHVSURSDJDWLQJLQ WKH
VDPSOHDFFRUGLQJWRWKH6QHOO¶VODZIRUDQ\GLUHFWLRQRISURSDJDWLRQ7KHH[SHULPHQWDOPHDVXUHRIWKRVHXOWUDVRQLF
YHORFLWLHVDOORZVIRUGHWHUPLQLQJWKHHODVWLFFRQVWDQWVRIWKHPDWHULDOE\VROYLQJWKHVRFDOOHG³LQYHUVHSUREOHP´,Q
SDUWLFXODU WKLV LQQRYDWLYH XOWUDVRQLF GHYLFH VXSSRUWV HIIHFWLYHO\ H[SHULPHQWDO DSSURDFKHV WR WKH WZR IXQGDPHQWDO
SUREOHPVLQWKHPHFKDQLFDOFKDUDFWHUL]DWLRQRIWKHPDWHULDOV>@7KHILUVWLVWKH³FODVVLILFDWLRQSUREOHP´WKDWLV
WKHGHWHUPLQDWLRQRIWKHGHJUHHRIDQLVRWURS\RIWKHPHFKDQLFDOUHVSRQVHDQGWKHLGHQWLILFDWLRQRIWKHD[HVRIPDWHULDO
V\PPHWU\DFRXVWLFD[HV7RWKLVDLPVWDUWLQJIURPWKHH[SHULPHQWDOPHDVXUHPHQWRIWKHXOWUDVRQLFYHORFLWLHVIRU
GLIIHUHQWGLUHFWLRQVRISURSDJDWLRQLQWKHVDPSOHWKHVORZQHVVVXUIDFHRIWKHPDWHULDOKDVWREHUHFRQVWUXFWHG7KH
VHFRQGSUREOHPLVWKHVRFDOOHG³UHSUHVHQWDWLRQSUREOHP´WKDWLVWKHLGHQWLILFDWLRQRIWKHHODVWLFPRGXOLE\XOWUDVRQLF
YHORFLW\PHDVXUHPHQWVRQFHNQRZQWKHD[LVRIPDWHULDOV\PPHWU\
7KHPDLQFRPSRQHQWVRIRXUGHYLFHDUHDQLPPHUVLRQZDWHUWDQNDIUDPHKRXVLQJXOWUDVRQLFLPPHUVLRQWUDQVGXFHUV
DQGRUDUHIOHFWLYHVXUIDFHLQ3OH[LJODVDQGDURWDWLQJVDPSOHVORWRSHUDWHGE\DVWHSSHUPRWRU)LJFDSDEOHRI
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URWDWLQJWKHVDPSOHDWYHU\VPDOODQJXODUVWHSV'XULQJWKHWHVWWKHVWHSSHUPRWRUDOORZVIRUYDU\LQJWKHDQJOH
RI LQFLGHQFH RI WKH XOWUDVRXQG EHDP RQ WKH VDPSOH VXUIDFH 7KH GHYLFH FDQ EH FRQILJXUHG IRU WZR GLIIHUHQW
H[SHULPHQWDOVHWXSWKHILUVWFRQILJXUDWLRQHPSOR\WZRPXWXDOO\RSSRVLWHSUREHVRQHWUDQVPLWWHUDQGRQHUHFHLYHU
LQWKLVFDVHWKHWHVWLVSHUIRUPHGE\WKHWKURXJKWUDQVPLVVLRQWHFKQLTXH,QWKHVHFRQGH[SHULPHQWDOFRQILJXUDWLRQ
XVHGLQWKLVZRUNRQO\RQHWUDQVGXFHUDFWLQJDVWUDQVPLWWHUDQGUHFHLYHULVHPSOR\HGDQGLQWKHRSSRVLWHVORWRIWKH
IUDPHDUHIOHFWLYHVXUIDFHLQ3OH[LJODVLVSODFHGLQWKLVFDVHWKHWHVWLVSHUIRUPHGE\WKHEDFNUHIOHFWLRQWHFKQLTXH
)LJ8OWUDVRQLFLPPHUVLRQGHYLFH
,QSDUWLFXODULQWKHH[SHULPHQWVEHORZGHVFULEHGWKHXOWUDVRQLFVLJQDOVDUHJHQHUDWHGDQGUHFHLYHGE\DQXQIRFXVHG
XOWUDVRQLFSUREHZLWKD FHQWUDO IUHTXHQF\RI0+]FRQQHFWHG WRDQXOWUDVRQLFSXOVHUUHFHLYHU2O\PSXV35
0RUHRYHUZHXVHGDQRVFLOORVFRSH$JLOHQW'6$0+]FKDQQHOVIRUPRQLWRULQJWKHVLJQDOV$VXLWDEOH
/DE9,(:VRIWZDUHH[SUHVVO\GHVLJQHGIRUWKLVWHVWPDQDJHVHDFKFRPSRQHQWRIWKHXOWUDVRQLFVHWXSUHSURFHVVHV
WKHDFTXLUHGXOWUDVRQLFVLJQDOVDQGSURYLGHVWKHH[SHULPHQWDOGDWDUHTXLUHGIRUWKHPHFKDQLFDOFKDUDFWHUL]DWLRQRIWKH
PDWHULDO
7KHXOWUDVRQLFYHORFLWLHVLQWKHPDWHULDODUHGHWHUPLQHGE\PHDVXULQJWKHWLPHRIIOLJKW72)RIXOWUDVRQLFZDYHV
IRUHDFKURWDWLRQDQJOHRIWKHVDPSOHLHIRUHDFKSRVVLEOHGLUHFWLRQRISURSDJDWLRQRIWKHXOWUDVRXQGEHDPLQWRWKH
VDPSOH7RWKLVDLPILUVWDQDXWRFRUUHODWLRQSURFHVVZLWKWKHVLJQDODFTXLUHGLQZDWHUZLWKRXWWKHVDPSOHDOORZVWR
GHWHUPLQHWKHRULJLQRIWKHWLPHVFDOHUHIHUHQFHVLJQDO6XEVHTXHQWO\DIWHUSODFHGWKHVDPSOHLQWKHURWDWLQJVORWRI
WKHGHYLFHIRUHDFKDQJOHRIVDPSOHURWDWLRQDODUJHQXPEHURIXOWUDVRQLFVLJQDOVDUHDFTXLUHG7KHQRLVHRIWKHVH
VLJQDOVLVPLQLPL]HGE\DQRUPDOL]DWLRQSURFHVVSHUIRUPHGWKURXJKWKH/DE9,(:VRIWZDUH7KHWLPHRIIOLJKWRIWKH
XOWUDVRQLFZDYHVLQWRWKHVDPSOHIRUHDFKDQJOHRILQFLGHQFHRIWKHXOWUDVRQLFEHDPLVWKHQHYDOXDWHGE\DFURVV
FRUUHODWLRQEHWZHHQWKHDXWRFRUUHODWHGUHIHUHQFHVLJQDODQGWKHDYHUDJHRIWKHQRUPDOL]HGVLJQDOVDFTXLUHGIRUWKH
SUHVFULEHGDQJOHRILQFLGHQFH
,QWKLVH[SHULPHQWDOZRUNVLQFHZHSHUIRUPDEDFNUHIOHFWLRQXOWUDVRQLFLPPHUVLRQWHVWWKHSKDVHYHORFLW\YSRI
XOWUDVRQLFZDYHVWUDYHOOLQJLQWRWKHVDPSOHLVHYDOXDWHGXVLQJWKHIROORZLQJUHODWLRQ



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
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

ZKHUHIRUDJLYHQDQJOHRILQFLGHQFHșRIWKHXOWUDVRQLFEHDPǻWLVWKHGLIIHUHQFHEHWZHHQWKHWLPHRIIOLJKWWRI
XOWUDVRQLFZDYHVLQSUHVHQFHRIWKHVDPSOHDQGWKHWLPHRIIOLJKWWRIXOWUDVRQLFZDYHVLQWKHZDWHUGLVWKHWKLFNQHVV
RIWKHVDPSOHYZLVWKHXOWUDVRQLFYHORFLW\LQWKHZDWHUDERXWPV
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$WWKHHQGRIWKHXOWUDVRQLFWHVWZKHQWKHVDPSOHKDVSHUIRUPHGWKHHQWLUHURWDWLRQDQJOHLQLWLDOO\SUHVFULEHGWKH
/DE9,(:VRIWZDUHSUHVHQWVWKHH[SHULPHQWDOUHVXOWVLQDJUDSKKDYLQJRQWKHKRUL]RQWDOD[LVWKHDQJOHRILQFLGHQFH
RIWKHXOWUDVRQLFEHDPșGHJDQGRQWKHYHUWLFDOD[LVWKHPHDVXUHGXOWUDVRQLFSKDVHYHORFLW\YSPV
([SHULPHQWDOUHVXOWV
4.1. Fatigue damage of the specimens 
2XUH[SHULPHQWDODQDO\VLVFRQFHUQHGSDUDOOHOHSLSHGDOXPLQXPVDPSOHVKDYLQJFURVVVHFWLRQDODUHD$ 
PP)LUVWE\DWHQVLOHWHVWZHGHWHUPLQHGWKH\LHOGVWUHVVI\ 03DDQGXOWLPDWHVWUHQJWKIW 03DRI
WKHPDWHULDO)RUWKHWHQVLOHWHVWDQ,QVWURQHOHFWURPHFKDQLFDOWHVWLQJPDFKLQHKDVEHHQHPSOR\HG
7KHQZHDQDO\]HG WKH LQIOXHQFHRI WKH IDWLJXHGDPDJHRQ WKHXOWUDVRQLFSURSHUWLHVRI WKHPDWHULDO LQRUGHU WR
FRUUHODWHWKHDFRXVWLFSDUDPHWHUVZLWKWKHIDWLJXHGDPDJHRIWKHPDWHULDO)RUWKLVSXUSRVHZHSHUIRUPHGXOWUDVRQLF
JRQLRPHWULF LPPHUVLRQ WHVWV RQ DQRWKHU DOXPLQXP VSHFLPHQ VXEMHFWHG WR GLIIHUHQW IDWLJXH OHYHOV DFKLHYHG E\
LPSRVLQJ WR WKHVDPSOHGLIIHUHQWQXPEHUVRIVWUHVVF\FOHVE\D076XQLD[LDO IDWLJXH WHVWLQJPDFKLQHF\FOHV
āF\FOHVDQGāF\FOHV,QSDUWLFXODUWKHVDPSOHZDVIDWLJXHGZLWKDORDGIUHTXHQF\RI+]DPD[LPXP
ORDGRI1DQGDPLQLPXPORDGRI17KHVHORDGYDOXHVFRUUHVSRQGWRDPD[LPXPVWUHVVRI03D
DERXWRIWKH\LHOGVWUHVVI\DPLQLPXPVWUHVVRI03DDPHDQVWUHVVRI03DDQGDVWUHVVDPSOLWXGHRI
03D
4.2. Mechanical characterization of undamaged aluminum samples by ultrasonic immersion test 
:HVKRZWKHH[SHULPHQWDOUHVXOWVREWDLQHGLQWKHXOWUDVRQLFLPPHUVLRQWHVWRQDQDOXPLQXPVDPSOHEHIRUHWKH
PHFKDQLFDOGDPDJH:HSHUIRUPHGWKHH[SHULPHQWVE\DUUDQJLQJWKHVDPSOHLQWKHJRQLRPHWULFGHYLFHZLWKWKHD[LV
RIURWDWLRQSDUDOOHOWRWKHORQJLWXGLQDOD[LV[RIWKHVSHFLPHQVHH)LJFRLQFLGHQWZLWKWKHGLUHFWLRQRIWKHORDG
ZKLFKZLOOEHDSSOLHGLQWKHVXEVHTXHQWIDWLJXHGDPDJHWHVWV
7KH VDPSOHZDV VXEMHFWHG WR DQRYHUDOO URWDWLRQ VXIILFLHQWO\ ODUJH DERXW WRREWDLQ WKHPRGHFRQYHUVLRQV
QHHGHGDFFRUGLQJWKH6QHOO¶VODZIRUJHQHUDWLQJHDFKNLQGRIXOWUDVRQLFSRODUL]HGZDYHVZKRVHYHORFLWHVKDVWREH
PHDVXUHG

 
)LJ([SHULPHQWDOFRQILJXUDWLRQRIXOWUDVRQLFLPPHUVLRQWHVWVXOWUDVRQLFZDYHSURSDJDWLRQLQSODQH[[URWDWLRQD[LV[
)LJXUHVKRZVWKHJUDSKSKDVHYHORFLW\±LQFLGHQWDQJOHREWDLQHGDVWKHUHVXOWRIWKHWHVW$FFRUGLQJWRWKH6QHOO¶V
ODZ WKHXOWUDVRQLFZDYHVSURSDJDWLQJ LQWR WKHVDPSOHDUH ORQJLWXGLQDOXQWLO WKH ILUVWFULWLFDODQJOH DSSUR[LPDWHO\
LVUHDFKHG1RWLFHWKDWWKHYHORFLW\RIORQJLWXGLQDOZDYHVGHSHQGVRQWKHDQJOHRILQFLGHQFHTUDQJLQJIURP
PVDWT WRPVDWT 7KHYDULDWLRQRIWKHORQJLWXGLQDOYHORFLW\ZLWKWKHDQJOHRILQFLGHQFHRIWKH
XOWUDVRXQGEHDPLVDW\SLFDOEHKDYLRURIDQLVRWURSLFPDWHULDOVWKLVOHDGVXVWRVXSSRVHWKDWWKHUHLVDQLQLWLDOVOLJKW
400   Anna Castellano et al. /  Procedia Engineering  109 ( 2015 )  395 – 402 
DQLVRWURS\RIWKHVDPSOHSUREDEO\GXHWRWKHPDQXIDFWXULQJSURFHVV7KXVPRUHSURSHUO\WKHPHDVXUHGXOWUDVRQLF
YHORFLWLHVSHUWDLQWR³TXDVL´ORQJLWXGLQDOZDYHV
$IWHU WKHILUVWFULWLFDODQJOH WUDQVYHUVHZDYHVDUHREVHUYHG WKHLUYHORFLWLHVPDLQWDLQVDOPRVWFRQVWDQWZLWK WKH
DQJOHT:HREVHUYHWKDWLQFRUUHVSRQGHQFHRIWKHILUVWFULWLFDODQJOHWKHVPDOOQHVVRIWKHDQJXODUVWHSVXVHGLQRXU
JRQLRPHWULFGHYLFHDOORZVIRUH[SHULPHQWDOO\PHDVXULQJIHZH[SHULPHQWDOSRLQWVEHWZHHQWKHORQJLWXGLQDO
PRGHDQGWKHILUVWWUDQVYHUVHPRGHPRVWOLNHO\WKHVHSRLQWDUHWREHXQGHUVWRRGDVVSXULRXVPHDVXUHPHQWV

)LJ8OWUDVRQLFSKDVHYHORFLW\YVLQFLGHQGDQJOHLQXQGDPDJHGDOXPLQXPVDPSOH

2QFHGHWHUPLQHGWKHPDVVGHQVLW\RI WKHPDWHULDOZKLFKKDVIRXQGWREHDERXWNJP WKHYHORFLW\GDWD
UHFRUGHGLQWKHWHVWDOORZXVWRGHWHUPLQHWKHWZRHODVWLFFRQVWDQWVRIWKHLVRWURSLFDOXPLQXPVDPSOHE\WKHLQYHUVLRQ
RIWKHHTXDWLRQVDQGWKHQWRGHWHUPLQHWKHHQJLQHHULQJHODVWLFFRQVWDQWV7KHYDOXHVRIWKHHODVWLFPRGXOLDQGWKH
XOWUDVRQLFYHORFLWLHVRIORQJLWXGLQDOZDYHVDWDQGWUDQVYHUVHZDYHVKDYHEHHQFROOHFWHGLQ7DEOH
7DEOH8OWUDVRQLFYHORFLW\DQGHODVWLFPRGXOHVRILVRWURSLFDOXPLQXPVDPSOH
/RQJLWXGLQDOYHORFLW\PV 
7UDQVYHUVHYHORFLW\PV 
&*3D 
&*3D 
<RXQJ0RGXOXV03D 
6KHDU0RGXOXV03D 
3RLVVRQ¶VUDWLR 

4.3. Mechanical characterization of fatigued aluminum samples by ultrasonic immersion test  
+HUHZHVKRZWKHH[SHULPHQWDOUHVXOWVREWDLQHGE\WKHXOWUDVRQLFLPPHUVLRQJRQLRPHWULFWHFKQLTXHRQIDWLJXHG
DOXPLQXPVDPSOHV)RUWKHVDNHRIEUHYLW\ZHUHSRUWLQ)LJXUHRQO\WKHUHVXOWVFRQFHUQLQJWKHVDPSOHIDWLJXHGE\
WKHKLJKHVWQXPEHURIORDGF\FOHVLHāF\FOHVQRWLFHWKDWIRUORZHUIDWLJXHOHYHOVWKHREVHUYHGDOWHUDWLRQRI
WKHDFRXVWLFUHVSRQVHLVOHVVSURQRXQFHG)RUWKHVHWHVWVWKHVDPSOHZDVSODFHGLQWKHJRQLRPHWULFGHYLFHZLWKWKH
D[LVRIURWDWLRQSDUDOOHOWRWKHGLUHFWLRQRIWKHDSSOLHGIDWLJXHORDG
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)LJ8OWUDVRQLFSKDVHYHORFLW\YVLQFLGHQGDQJOHLQIDWLJXHGDOXPLQXPVDPSOHāORDGF\FOHV

2YHUDOOZH REVHUYH± H[FHSW IRU WKH YDOXH RI WKH ORQJLWXGLQDO YHORFLW\ IRU  LQFLGHQW EHDP XQFKDQJHG ± D
UHGXFWLRQRI WKHYHORFLW\RISURSDJDWLQJXOWUDVRQLFZDYHV$V LQ WKHFDVHRI WKHXOWUDVRQLF WHVWVSHUIRUPHGRQ WKH
XQGDPDJHG DOXPLQXP VDPSOH WKHUH LV D FOHDU GHSHQGHQFH RI WKH YHORFLW\ RI ORQJLWXGLQDOZDYHV RQ WKH LQFLGHQW
DQJOHT UDQJLQJ IURP PV DWT  WR PV DWT %XW QRZ GLIIHUHQWO\ IURPZKDW RFFXUV IRU WKH
XQGDPDJHGVDPSOHDOVRWKHYHORFLW\RIWUDQVYHUVHZDYHVGHSHQGRQWKHLQFLGHQWDQJOHWKLVPHDQVWKDWDIWHUWKHILUVW
FULWLFDODQJOHTXDVLWUDQVYHUVHZDYHVSURSDJDWHLQWKHPDWHULDODQGWKXVWKHGHJUHHRIDQLVRWURS\RIWKHPDWHULDOLV
LQFUHDVHG,QSDUWLFXODUWKHWUDQVYHUVHYHORFLW\UDQJHVIURPPVDWT WRPVDWT PD[LPXPURWDWLRQ
DQJOH
$SSDUHQWO\WKHXOWUDVRQLFWHVWVFOHDUO\UHYHDOWKHHIIHFWRIWKHGDPDJHJHQHUDWHGE\WKHIDWLJXHORDGF\FOHVDVDQ
DOWHUDWLRQRIWKHDFRXVWLFUHVSRQVHRIWKHPDWHULDO,QSDUWLFXODUWKLVFKDQJHFRQVLVWVLQDQDFTXLUHGDQLVRWURS\IDWLJXH
LQGXFHGDQLVRWURS\HYHQWXDOO\VXSHUSRVHGWRWKHLQLWLDODQLVRWURS\WH[WXUHLQGXFHGDQLVRWURS\GXHIRUH[DPSOHWR
WKHPDQXIDFWXULQJSURFHVV7KLVEHKDYLRULVPXFKPRUHPDUNHGDVWKHQXPEHURIIDWLJXHORDGF\FOHVLQFUHDVHV
,QRUGHUWRFKDUDFWHUL]HWKHIDWLJXHLQGXFHGDQLVRWURS\E\LGHQWLI\LQJWKHDFTXLUHGDFRXVWLFSUHIHUHQWLDOGLUHFWLRQV
FODVVLILFDWLRQSUREOHPDQGWKHUHODWHGHODVWLFPRGXOLUHSUHVHQWDWLRQSUREOHPLWZRXOGEHQHFHVVDU\WRDQDO\]HWKH
SURSDJDWLRQRIXOWUDVRQLFZDYHVDOVRLQWKHSODQH[[)URPWKHH[SHULPHQWDOSRLQWRIYLHZWKLVUHTXLUHWKHURWDWLRQ
RIWKHVDPSOHDERXW[D[LVEXWWKHJHRPHWU\RIWKHH[DPLQHGVDPSOHVGRHVQRWDOORZXVWRSHUIRUPWKLVNLQGRIWHVW
:HDUHFXUUHQWO\FRQGXFWLQJIXUWKHUWHVWVRQVDPSOHVKDYLQJDVXLWDEOHJHRPHWU\WKDWDOORZVIRURYHUFRPLQJWKH
DERYHGHVFULEHGOLPLWDWLRQV
&RQFOXVLRQV
%\ DGRSWLQJ DQ LQQRYDWLYH XOWUDVRQLF JRQLRPHWULF LPPHUVLRQ GHYLFHZH KDYH VKRZQ WKDW WKH IDWLJXH GDPDJH
LQGXFHGLQDQDOXPLQXPVSHFLPHQLVUHODWHGWRWKHFKDQJHRIWKHDFRXVWLFSURSHUWLHVRIWKHPDWHULDO7KHH[SHULPHQWDO
UHVXOWVFOHDUO\VKRZWKDWWKHSURSDJDWLRQYHORFLW\RIWKHGDPDJHPDWHULDOGHSHQGVRQWKHGLUHFWLRQRISURSDJDWLRQ
VLPLODUO\WRZKDWRFFXUVLQDQLVRWURSLFPDWHULDOVWKLVOHDGVWRFRQFOXGHWKDWWKHIDWLJXHLQYROYHVWKHHPHUJHQFHRIDQ
DFTXLUHGGDPDJH LQGXFHGDQLVRWURS\RI WKHPDWHULDO7KXV WKH IDWLJXH OHYHOFRXOGEHTXDQWLWDWLYHO\ UHODWHG WR WKH
YDULDWLRQRIWKHXOWUDVRQLFYHORFLWLHVDQGRIWKHDFRXVWLFD[HV
7KHH[SHULPHQWDODSSURDFKKHUHSURSRVHGFRXOGSURYH WREHYHU\HIIHFWLYHIRUVWXG\LQJ WKHGDPDJHZLWKLQ WKH
HQWLUH WKLFNQHVV RI FRPSRQHQWV 7KLV HQFRXUDJH WR IXUWKHU GHYHORSLQJ WKH H[SHULPHQWDO VWXGLHV ZH DUH FXUUHQWO\
FDUU\LQJRXWLQRXUODERUDWRU\

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$FNQRZOHGJHPHQWV
:HJUDWHIXOO\ DFNQRZOHGJH0,8535,1Dinamica, stabilità e controllo di strutture flessibili DQG
0,853215(&³0$66,0(´±Sistemi di sicurezza meccatronici innovativi (cablati e wireless) per applicazioni 
ferroviarie, aerospaziali e roboticheUHVHDUFKSURMHFWV
5HIHUHQFHV
>@ 5 'H )LQLV ' 3DOXPER ) $QFRQD DQG 8 *DOLHWWL )DWLJXH OLPLW HYDOXDWLRQ RI YDULRXV PDUWHQVLWLF VWDLQOHVV VWHHOV ZLWK QHZ UREXVW
WKHUPRJUDSKLFGDWDDQDO\VLV,QWHUQDWLRQDO-RXUQDORI)DWLJXH
>@ 8*DOLHWWL)$QFRQDDQG'3DOXPER4XDQWLWDWLYHGDPDJHHYDOXDWLRQRIFRPSRVLWHPDWHULDOVZLWKPLFURZDYHWKHUPRJUDSKLFWHFKQLTXH
IHDVLELOLW\DQGQHZGDWDDQDO\VLV0HFFDQLFD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